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Description 

BACKGROUND OF THE INVENTION 

5 This invention relates to an engine starter apparatus and, more particular, to an engine starter apparatus 

provided with a planetary gear speed reduction mechanism. 

An engine starter apparatus having a planetary speed reduction gear is known as disclosed in Japanese 
Patent Laid-Open No. 63-90665, for example. The engine starter apparatus disclosed in this Laid-Open is the 
so-called coaxial starter apparatus in which a solenoid switch is disposed behind a d.c, motor, and the planetary 

10 speed reduction gear 1 comprises, as illustrated in the figure, a sun gear 4 formed on the outer circumference 
of the front end of an armature rotary shaft 3 of a d.c. motor 2, an internal gear 6 formed in the inner circum- 
ferential surface of a machine frame 5 disposed outside of the sun gear 4, three planet gears 7 rotating between 
the sun gear 4 and the internal gear 6, and a carrier 8 rotatably supporting and connecting each of the planet 
gears 7. 

15 In the illustrated planetary speed reduction gear 1 , when the numbers of teeth of the sun gear 4, the in- 

ternal gear 6 and the planet gear 7 are Zs, Zi and Zp, respectively, the relationship between the number of 
teeth of each of the gears 4, 6 and 7 is determined so that they satisfy the equation of (Zs + Zi)/N = an integer 
(where, N is the number of the planet gears 7), which is the engagement condition for the plurality of planet 
gears, and the equation of Zi = Zs + 2Zp, which is the engagement condition for a single planet gear, as well 

20 as the range of Zs ^ 11 and Z ^46, with the module M = 1.25 for the reasons of mechanical strength of the 
armature rotary shaft 3 on which the sun gear 4 is formed and the installation lay-out of the starter apparatus 
with respect to the engine. This relationship can be expressed in a table shown in Table 1 in conjunction with 
various combinations of gears 4, 6 and 7 when Zs is 1 1 , Zp is 1 6, 1 7 or 18, and Zi is one of 41 - 49. 

25 
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so As apparent from Table 1 , the gear arrangement that satisfies the previously discussed conditions is the 

third combination, in which Zs is 11, Zp is 16 and Zi is 43, and therefore the conventional planetary speed re- 
duction gear 1 is arranged according to this combination, so that the planetary speed reduction ratio g obtained 
byg = 1 +{Zi/Zs) is 4.91. 

Demands for miniaturizing various car equipments is increasing in view of reduction of weight and efficient 
55 use of the space within the engine compartment of a vehicle, and the engine starter apparatus is not an ex- 
ception. One measure for miniaturizing the engine starter apparatus includes miniaturization of the d.c. motor, 
which may be realized by increasing the planetary speed reduction ratio g. In this case, from the previous equa- 
tion g = 1 + (Zi/Zs), either the number of teeth Zs of the sun gear 4 can be decreased or the number of teeth 
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Zi of the internal gear 6 can be increased. 

However, since the number of teeth Zs of the sun gear 4 and the number of teeth Zi of the internal gear 
6 is determined according to the previously described restriction, these numbers of teeth of the gears 4 and 
6 cannot be changed under the condition that at least the performance of the conventional engine starter ap- 
5 paratus be maintained (not decreasing the speed reduction ratio), so that there was a problem that the min- 
iaturization of the d.c. motor by increasing the planetary speed reduction ration g is very difficult. 

SUMMARY OF THE INVENTION 

10 Accordingly, one object of the present invention is to provide an engine starter apparatus free from the 

above-discussed problems of the conventional engine starter apparatus. 

Another object of the present invention is to provide an engine starter apparatus of a small size. 
Another object of the present invention is to provide an engine starter apparatus in which the electric motor 
is miniaturized by increasing the planetary speed reduction ratio of the planetary speed reduction gear. 

15 According to the present invention there is provided a starter apparatus in which a rotational force from 

an electric motor is transmitted to an output rotary shaft through a planetary speed reduction gear, wherein 
the number of teeth of a sun gear is Zs, the number of teeth of a planet gear is Zp f the number of teeth of an 
internal gear is Zi and the number of said planet gears is N, and the planetary speed reduction gear satisfies 
(Zs + Zi)/N = an integer, characterised in that where the pressure angle of the engagement between the sun 

20 gear and the planet gear is abs, the pressure angle abi of the engagement between the planet gear and the 
internal gear is arranged to be cos- 1 {(Zi - Zp)/(Zs + Zp) x cosabs}. 

In the engine starter apparatus of the present invention in which a rotational force from the electric motor 
is transmitted to the output rotary shaft through the planetary speed reduction gear, the numbers of teeth of 
each of the gears of the planetary speed reduction gear are determined in accordance with the conditions of 

25 (Zs + Zi)/N = an integer as well as the mechanical strength such as the shaft strength and the machine frame 
dimention, and the pressure angle of the engagement between the planet gear and the internal gear is deter- 
mined to have a predetermined relationship with respect to the pressure angle of the engagement between 
the sun gear and the planet gear, so that the selection rage of the numbers of teeth of each gear is enlarged, 
enabling that the planetary speed reduction ratio to be increased. 

30 

BRIEF DESCRIPTION OF THE DRAWING 

The present invention will become more readily apparent from the following detailed description of the pre- 
ferred embodiment of the present invention taken in conjunction with the accompanying drawings, in which: 
35 The sole figure is a sectional view illustrating one example of an engine starter apparatus to which the 

present invention is applicable. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

40 The engine starter apparatus of the present invention will now be described in detail in conjunction with 

an embodiment. 

The engine starter apparatus of one embodiment of the present invention has the same basic structure 
as that of the conventional starter apparatus, but is different in the number of teeth including the numbers of 
teeth of the sun gear 4, the internal gear 6 and the planet gears 7 of the planetary speed reduction gear 1. 

45 More particularly, the planetary speed reduction gear 1 of the starter apparatus of the present invention 

is constructed under the first condition which requires that the numbers of teeth of the sun gear 4 and the 
internal gear 6 satisfies the previous equation (Zs+Zi)/N = an Integer. As the second condition, the teeth of 
each of the gears 4, 6 and 7 are formed such that the pressure angle abi of the engagement between the 
planet gear 7 and the internal gear 6 is determined to have a predetermined relationship with respect to the 

50 pressure angle abs of the engagement between the sun gear 4 and the planet gear 7. This "predetermined 
relationship" is abi = cos-i{(Zi - Zp)/(Zs + Zp) x cosabs}. Therefore, it is not necessary that the equation Zi = 
Zs + 2Zp which is a conventional engagement condition for a single planet gear be satisfied. In other words, 
this equation is a condition for the case where a standard gear is used, and in the planetary speed reduction 
gear of the starter apparatus of the present invention, the standard gear is not used and the mechanical en- 

55 gagement condition is determined on the basis of the relationship of the pressure angle of the engagement 
between each gear. Therefore, a profile shifted gear is used as one of the measures for maintaining the en- 
gagement pressure angle between the gears 4, 6 and 7 to the previously discussed predtermined relationship. 
The profile shifted gear refers to the gear in which the reference pitch line is inwardly and outwardly shifted 
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by Xm from the teeth cutting pitch circle during the manufacturing of the gear teeth. Where, X is a profile shift 
factor, which is known to be relatively freely selectable, and the most optimum value suitable to the use purpose 
and the material used is adopted considering the gear performance with various profile shift during designing. 
Thus, by forming a profile shifted gear which satisfies the previous equation of the engagement pressure 

5 angle by selecting a shift factor, an engagement relationship as the planetary gear mechanism can be estab- 
lished by using a gear which does not satisfy the equation Zi = Zs + 2Zp. In this case, the combinations of 
each gear 4, 6 and 7 are greatly increased and can be used in terms of all combinations satisfying the restriction 
due to the strength of the shaft and the gears or the restriction due to the machine frame dimensions deter- 
mined by the engine lay-out and the condition of (Zs + Zi)/N = an integer. 

10 Studying such combinations in conjunction with the previous Table 1 in which preferable range usable in 

the engine starter apparatus, it is seen that, in addition to 3rd combination used in the conventional starter 
apparatus, 6th, 9th, 12th and 15th combinations are realizable. However, since Zs ^ 11 and Zi ^ 46 are pre- 
ferable where the module M = 1.25 for example, 15th combination can be eliminated, and 9th or 12th combin- 
ation (g = 5.18) which has the largest planetary speed reduction gear g among these combinations is selected. 

15 In other words, when the gears formed with the numbers of teeth selected as previously described for the sun 
gear 4, the internal gear 6 and the planet gears 7 of the planetary speed reduction gear, the planetary speed 
reduction ratio can be increased within the range applicable to the starter apparatus. With the higher planetary 
speed reduction ratio, the d.c. motor can be made smaller, resulting in a reduced over-all dimension of the star- 
ter apparatus. 

20 As has been described, according to the starter apparatus of the present invention, the teeth as well as 

the number of teeth of the sun gear, the internal gear and the planet gear of the planetary speed reduction 
gear are selected and formed to satisfy the previously described relationships, so that the planetary speed 
reduction ratio can be made larger than that of the conventional design, enabling the electric motor to be small- 
er, resulting in a smaller over-all dimensions of the starter apparatus. 

25 

Claims 

1. A starter apparatus in which a rotational force from an electric motor (2) is transmitted to an output rotary 
30 shaft through a planetary speed reduction gear (1 ), wherein the number of teeth of a sun gear (4) is Zs, 

the number of teeth of a planet gear (7) is Zp, the number of teeth of an internal gear (6) is Zi and the 
number of said planet gears is N, and the planetary speed reduction gear satisfies (Zs + Zi)/N = an integer, 
characterised in that where the pressure angle of the engagement between the sun gear and the planet 
gear is abs, the pressure angle abi of the engagement between the planet gear and the internal gear is 
35 arranged to be cos- 1 {(Zi - Zp)/(Zs + Zp) x cosabs}. 



Patentanspriiche 

40 1. Anlasservorrichtung, bei der eine Drehkraft von einem Elektromotor (2) durch ein Pfaneten-Unterset- 
zungsgetriebe (1) auf eine drehbare Ausgangswelle Qbertragen wird, wobei die Anzahl der Zahne eines 
Sonnenrades (4) Zs betragt, die Anzahl der Zahne eines Planetenrades (7) Zp betragt, die Anzahl der Zah- 
ne eines lnnenrades (6) Zi betragt und die Anzahl der Pianetenrader N betragt und das Planeten-Unter- 
setzungsgetriebe die Bedingung 

45 (Zs + Zi)/N = eine ganze Zahl erfullt, 

dadurch gekennzelchnet, 

daR dann, wenn der Eingriffswinkel des Eingriffs zwischen dem Sonnenrad und dem Planetenrad abs be- 
tragt, der Eingriffswinkel abi des Eingriffes zwischen dem Planetenrad und dem Innenrad derart vorge- 
sehen 1st, daft er 
so cos- 1 { (Zi - Zp)/(Zs + Zp) x cosabs } betragt. 



Revindications 

55 1. Appareil de demarrage ou la force de rotation d'un moteur electrique (2) est transmise a un arbre rotatif 
de sortie par Pintermediaire d'un reducteur planetaire (1), ou le nombre de dents d'un pignon soleil (4) 
est Zs, le nombre de dents d'un satellite (7) est Zp, le nombre de dents d'un engrenage interne (6) est Zi 
et le nombre de ces satellites est N et le rapport de reduction satisfait a (Zs + Zi)/N = un nombre entier, 
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caracteYis6 en ce que, quand Tangle de pression d'engagement entre ie pignon soleil et le satellite est 
abs, Tangle de pression abi de Tengagement entre le satellite et Tengrenage interne doit £tre cos~ 1 {(Zi - 
Zp)/(2s + Zp) x cosabs}. 
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